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surface (28) on a member is deployably '^^J^fi" "^^^^^^^ is deployed outside of the distal end of the 

by a tnating health cans pmfe«.«>nal "^^^^^^Tto^^^ *e inner surfaces 

catheter sheath (21). When the ahraave member ^^^^^^^^^.^^^^ (28) is then repositioned into the distal end 
of the pat«.t foram^, ovale ^J^„<=^j;^"^tSSSr^^; S^S^^^^ J along the'Ler «riaces of the paten. 
f^eS^r^£Si^'atr:.S^^IS!^«^^ into a s««. a«l the foramen ovale is obliterated. 
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A CATHETER DEVICE FOR ABRADING A PATENT FORAMEN OVALE 
AND METHOD OF USING THE DEVICE 



FIELD OF THE INVENTION 

He present invention is related generally to medical/surgical devices that can 
5 beplacedwithinthebodyofapatienttoperfonnaprocedure. More specificaUy. the 
presentinventionisanunimallyinvasivedeviceusefalinclosingapat^ 

ovale. 

BACKGROUND OF THE INVENTION 

The fetal circulation is vastly different than the normal adult circulation. 
10 m blood circulating in a fetus is oxygenated by the placenta, not the developing 
lungs nierefore, the fetal circulation directs only a small percentage of the 
circulating blood to the fetal lungs. Most of the circulating blood is shunted away 
form from the lungs to the peripheral tissues through specialized vessels and 
foramens that are open ("patent") during fetal life. In most people these specialized 
15 structures quickly close after birth, unfortunately, sometimes they fail to close and 
create hemodynamic problems that can be fatal if left untreated. 

■n^ fetal circulation is illustrated in Fig. 1. TTie umbilical arteries branch off 
of the iliac arteries and deliver unoxygenated (blue) blood to the placenta. TTie fetal 
blood travels through the capillary bed in the placenta and transfers carbon dioxide 
20 to the maternal blood and takes oxygen and other nuuients from the maternal blood. 
The umbUical veto retmns oxygenated (red) blood to the fetus. Most of the 
oxygenated blood from the umbilical vein bypasses the developing liver and uavels 
through a specialized vessel called the ductus venosus to the inferior vena cava and 
then into the right atrium. A good portion of the oxygenated blood from the mfenor 

25 vena cava is directed across the right atrimn and toto the left atrium through a 
specializedcurtainlikeopeningmtheheartcalledtheforamenovale. Theblood 

from the left atrium then enters the left ventricle and then into the aorta where it 
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travels to the head and other body tissues delivering the needed <«yg« and 
nutrients. 

n»e small amount of blood entering the right atrium that does not pass 
through the foramen ovale, most of which comes ftom the superior vena cava, flows 
into the right vemricle and then gets pumped into the puhnonary trunk and 
puhnonaiy arteries. Some of this blood is pumped into the developing lungs. 
Hov«5ver. the fetal lungs are collapsed which causes a high resistance to blood flow. 
Another specialized vessel, called the ductus arteriosus, is a vessel that comiects the 
high pressure puhnonary artery to the lower pressure aorta. Therefore, most of the 
blood in the puhnonaiy artery flows into the lower pressure aorta through this 
specialized vessel. 

Upon birth, the circulatory system goes through profound changes. The flow 
through the umbUical arteries and umbUical vein stops and consequently the flow 
through the musculature around the ductus venosus constricts and the blood flow 

throughtheductusvenosusstops. m lungs fill with air and the resistance to blood 
flowintothelungsdrasticallydecreases. Tlie corresponding pressure in the nght 
atrium.rightventricle,andpuhnonaryarteriesalsodecrease. Tte decrease in 
pressure in the right atrium causes the curtain like opening ofthe foramen ovale t^ 
elose drivingmore blood into'therightventricleand then to the lungs for 
oxygenatioa Over time, the foramen ovale is replaced with a membrane called the 
fossa ovaKs. SimUarly. the decrease in pressure in the puhnonary arteries reduced 
the pulmonary arterial pressure to the same as or slightly less thanthe pressure inthe 

aorta, whichstopsorreversestheflowthroughtheductusarteriosus. Oncethe 
muscular tissue ofthe ductus arteriosus isperfused with well oxygenatedblood. the 

muscle begins to constrict and close the ductus arteriosus. Tlie ductus arteriosus 

normally closes vrithin about one week of life. 

Usually over time, the unique openings ofthe fetal circulation become 
obliterated and a soUd mass of tissue forms where these opening once were. 
However,insome people the openingsremain. A patem ductus venosus after birth 
, is very rare and ahnost always fetal. A patent ductus arteriosus occurs in about 1 out 
of every 5000 births. The patent ductus arteriosus once diagnosed is either 
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p™te.tf«f»«meno™l.<tonots«lsh*bs«adl.«n»i«.pa«* Smc.a« 
a«n8l»anun.,lh=c«rlAlik.opcntog»— lyren-ata »«<™r.>fth= 

60111 the ligkt atrium to die left veauicle. 

State h»«sto™tW»MB»i<k«™'«»°''^°'"°"«^''^"^ 
s,,,Mta«*o«.t«icetl»»onii.l.a.e of paten. f<»am=no>^es.tothe„c™»^ 

,0 popoMoaAWK»gb,h.«isaconda.ioobe,«.e.s«,kesa„dpate«fo.^^ 

o^l.^ it is e»»a, ool^vm «i.y tW" conela-ion exists. Man, people 
,«b,oodelo.sa».pUt^tl».h.vefon,«din,l«periphe,alveno«scirculadon(i„ 

4eleg,fcrexan,ple)he.koifand.rweltotl«l«a.l Nonnally..i« clots and 
ph,^Se.ddiven=dtothelu.gs»l«eitis,nipp«i»Kl usually cause no l«nn» 

,5 p.dentP«ients^.p=.entfb,«n«,oval..l>o»eve,,h»..,»tentialopen,ngtW 
toel«s»rpl«peca.p«»tlm.«*th.v««sci,c»l.tiona»di«o.l>ea«.nal 
d™,^o.««ltoi.totl«bn«noro,l«,tissu.stocause..taoml»e™bolte^ 
like.at*.. Th.clots».,p.s,.otl«.«e,i-.i*«<»,l.e.eisaninc^.n.l« 
p^intheHghtatHnm. Tto tta dots .^eltlnough the Wt side of the l«»t 

20 „,he»«.and.bento.hebrt.vi..hee»otid«.Hesv*e,.-he,c-n».st.oke 

md the associated neurological deficits. 

Cunently..hen«d»dofchoictocloseapaten,f<«nenovaleisopenh.a« 

surge,, and Ugation of the foramen <»ale to close it This obviously is «»oci«^ 
vrid, the usuaU, tislts of general -KSthesi^ open heart proc«ta..a, intxa^ 
25 Ano>herme.hodisacathe.erbasedmethod»hiehph««toopposingun*r=to 

shaped devicesa^iundtheteamenovde, one intheri^tatriumandooetothe left 
unfc«una.ely,.hisproe«hnebtechnk^,diffic«ltandle.,e,behtad.«o 
fi^ignobjectsthatcoulddislodgeorcauseatbtombo^nboh^vduchcouldbreak 

„<f»d cause d»»nboembolic events. What is need«l then*, is. least umudve 
30 „e.hodfo,closi„g.pa.en.fon».«.ov.le«hichdoesno.h««.heassoei«edri*of 
anopenh.anpr.c»du.e.Utecluncallyeas,toperfbnn,«rf»hic*d.es not leave 
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any foreign material behind. 

SUMMARY OF THE INVENTION 

Tl»e present invention provides a device and method for closing a patent 
fo„„nenovale. m present invention comprises a catheter sheath >vith proximal and 
5 d3StaIends.Mabrasivesurfaceonamemberisdeployablyretainedw,thmthe 

distalendofthecathetersheath. Once the catheter sheath is placed by a treatmg 
healthcareptofessionalacrossapatcntfi^amenovale^eabiasivememberis 
deployedoutsideofthedistalendofthecathetersheath. When the abrasive member 
hasbeendeployed, the treatinghealthcare professional places the abrasive 
10 inthepatentforamenovaleandabradestheim^ersurfecesoftheforamenovaleto 

therebv cause an area of abrasion. TT^e abrasive member is then repositioned into the 
distalendofthecathetersheathandisthenremovedfiromthepatient.-n»eabraded 

an^created along the inner surfaces ofthe patent foramen ovale >vill^ 
time turns into a scar obliterating the foramen ovale. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 

Asusedherein.likereference numerals >«llderfgnate similar elements in^ 

various embodiments of the present invention wherein: 

Fig 1 is a schematic diagram of the fetal circulation of a mammal; 
Fig 2isaschematic diagram ofacatheterofthepresentinvention traveling 
20 uptheinferiorvenacavaofamammalintotherightatriumandthroughtheforamen 

ovale; , . 

Fig. 3 is a schematic plan view of a foramen ovale catheter of the present 

invention; 

Fig. 4 is a cross-sectional view of an alternate embodiment of the distal end 

25 of the present invention; 

Fig. 5 is a schematic plan view, partially is cross-section of a further 

embodiment of tiie distal end of tiie present invention; 
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Fig.6isacross-sectionalviewofanad(Utionalemb<)dunertofthedi^ 

of Ae present invention; 

Fig. 7 is a schematic plan view, partially is cross-section of yet a further 
embodiment of the distal end of the present invention; 
5 Fig. 8 is a cross-sectional view of still a farther embodiment of the distal end 

of the presoit invention; 

Fig. 9 is a cross-sectional view of an additional embodiment of the present 

invention; 

Fig. 10 is a schematic plan view of yet a farther embodiment of the present 
10 invention; 

Fig. 11 isaschematic plan view of still another embodiment of the present 
invention; 

Fig. 12 is a schematic plan view of yet a farther embodiment of the present 
invention; and 

15 Fig. 13 isaschematicplanviewoftheembodimentofFig. 12 in an actuated 

position; 

DETAII^D DESCRIPTION OF THE PREFERRED EMBODIMENTS 

TTie present invention pn)vides a novel least invasive device and method for 
20 closingapatentforamenovaleinamammal. The device is specifically designed to 
be used in catheterization laboratories in hospitals for treating humans as well as 
veterinary hospitals for treating animals. As used herein the term "patienfshaU 
t^fer to human patients as well as animal patients. As Ulustrated in Fig. 2. the device 
is introduced into the blood stream using weU known catheterization procedures. 
25 The device is initially introduced within a catheter sheath 21 with a distal end 23. 
n»e device is then positioned to extend distally ftom the catheter sheath to span the 
patent foramen ovale. The device has a plurality of abrasive members on its outer 
surface such that the operator of the device can remove endothelial cells and create 
trauma to the area. The device is then removed from the patient Oncethe 
30 endotheUum has been removed and the area inside the patent foramen ovale has been 
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abraded,thebody'shealingmechanismb^^ Because the pressure vdlhinlhe left 
aMumis greater lhan the pressureinthe right atrium, thecurtafa^ 
comprisesthepatentforamenovalearedirectlyopposedtoeachoti^^ 

hfialmgmechanismtheorepIacestheabradedtissuewiA 

5 tissue forms across the curtain of tissue permanently sealing the foramen ovale. 
Over tiiae. the foramenovale becomes completely obliterated and turns mtoa 

normal fossa ovalis. 

Turning now to Fig. 3 . the foramen ovale catheter of the present invcnuon is 

fortherillustrated. In order to obtain access to the blood stream, the foramen ovale 
10 cathcterhastobeadvancedthroughtheskinofthepatientintoabloodvessel, 
. j^fenAlyastandardfemoralveincatheterizationisusedthatisweUto^^ 

art howeverothervesselaccesstotheatriumscanbeused. TypicaUy, a standard 

inducer 11 is used to gain access from the skin ofthe patient to thelumenof the 

vessel. THese introducers are commercially available from many different 
15 manufacturers.CordisCorporationofl^Floridabeing^^^^ 

Bloomingtonlndianabeinganother. Tte introducer can be of many different sizes, 
in thepreferredembodimenttheintroducer varies fioma6Fienchtoal5French 
introducer. I^tlyitispreferredtouseaTorSFrenchintroducer. Tlte 
introducers usually have a hoUow shaft 1 2, a tapered distal end 1 3 , a catheter access 
20 portl6^vitha^internalseal(notillustrated)toen«HethatfluidsdonotU^ 
the accessport,andanirrigationportl5comtectedviaflexible tubing 14. THe 
imgationport is used to flush the introdua^ and to inject anticoaguhmt or oth^^ 

medications directly into the vessel. 

A sheath catheter 2 1 is then advanced through the catheter port of the 
25 introducer. The outer diameter ofthe sheath catheter can vary ftom about 5 French 
to about ISFrench-THeimier diameter issuchthata4Frenchtoaboutal4French 

foramen ovalecathetercanbeplacedwithinitslumen. In the preferred embodiment, 
the sheathcatheterisasmgle lumen cadietermadebye^g standard cati^ 
materialsusingstandardextrusiontechniques. Currently it is preferred to extrude 
30 polyether-block.amide,nylon,polyurethanfi,polyimide.ora^^^^^^^ 

Howeve^anyothereKtrudablecathetermaterialweUknovmintheartcanbeusedto 
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n^ufecturethecatheter. m smaller the catheter, the stronger the extrudmg 
^alshouldbe. WithverysmaUcatheters.thecathetercanbereerrforcedby 

usingbraidedmeshing.atechniquealreadyweUkno^v^ 
^cad^slengdtissuchthatitcaneasUybeusedftomafemoralsiteto^^ 

3„a.riumoftheheart.abo«t80to 140 co^^th about 120. cmbeing preferred 

OpdonaUy.thedistalerulofthesheathcathetercanhavear^^ 
s^^hasan^crir^placedaroundthedistal end or incorporated 

end suchthatthedistalendisvisibleunder inuring techm^^^ 

Inserted inside the sheathcatheter'slumenisaforamen ovale caA^ 
thepresentmvention. Tl. foramen ovale catheter's outer diameter can vary from as 
s„^,asitcanbemade.about3Frenchtoaboutl4French,with7and8French 
beingpresentlymostpreferted.Theforamenovalecathetercanbemadeby 

ending standardcathetermaterialsusingstanda^ 

thesheathcatheter. The catheter has a proximal end 26 and a distal end 27. 

Attachedtotheotrtercircomferenceofthedistalendisapl^^ 

n.embers28. In the embodiment iUustrated, the abrasive members are a plurahty^^ 

gluedropsattachedtotheoutercircumferenceofthedistalendofthecathete^^ IT. 

due can be any appropriate material, currently cyanoacrylate is preferred. 

Turning now to Fig. 4. an alternate distal end 32 of an alternate foramen 

) ovalecatheterBlisillustratedincross-section. In this embodiment, the abrastve 
members are stiff wires 33 adhered to the distal end 32 of the foramen ovale 
catheter. TT. wires can be made out of an appropriate metal such as surgical 
^esssteeUniclcel.titaniumalloy.andthelike.orcouldbemadeoutofan 
appropriateplasticmaterialsuchasnylon.polyimide.polyamideand^ TT^e 

^ wiresareeitherinsertedintotheoutercircumferenceoftheforamenovaleca^ 
and then glued inplace with an appropriate adhesive, orthey can be interwoven 
betweencoilsofacoiledortwistedforamenovalecatheterCnotinustrated). 
Preferably the wires range in length ftomaboutlmmto about 20 mm. withaboutS 
nnnbeingcurrenUypreferred. The wires are flexible enough to retract into the 

30 sheathcathetersuchthatthewireswillnotabradeanysurfaceuntiltheforamen 

ovale catheter is deployed in the foramen ovale. 
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fig5Bl„an««.fWh=.«nMin>e««fth.p«se«tov^ 

ovale. . 

stable n««ri=l s«* «. a m«A ..^ s-lM >^ 

dimensions could be used. 

ovate<«heBr51fe=ons«K«d«ofa««™«rid,l««v«i.=o»Mb. 
con«.c.»io„.ofabouowe«™*... P^.,ftedia.l«.52of*.6«n», 

Tberi,«sa«eto«=df™mU«««rsa*»rf-»c«h««ty.pte«'"t»P»»8 

e,.va.«iringtoa.lea=.o«d:=ularedg=to.ca«.b.d=«s»»'«»<k»»>«^ 
ovale Tle»idthofte»p.=e,««v»,,b«*«idbelesstoS»etev.tedn..g> 
30 ™dtl.C«n«>aya«P«fe-J«l«vaBdmg«id*isabout2nm,.ndte««^^ 
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Th.»p»«rtegssl«»Uhave.««n«^ck«»of*>«0.010to*».o 
5 .t„.,0.1(K)tah«««a.0.()50i«h»bei.gp«se„0ypn=te»i«.wn^ 
d^««d.««lring. totf«embodimentofFig.9,a»taamc.ov.l.c«h«r 
«te.di«aml57,.phmaU,ofspa=«n«3 58.apl»nBnrof.l«att<i™gs59, 

the embodiment of Fig. 8. 

Inthespiritofthep«seminvention.theabrasivcmembersdonotneedtobe 

directlyattachedtothecall«tertoabradethesurface..InFigs.lO»^ 
abrasivemembers are attached to von. that deploy once the vd^ 

15 constrainingcathetertheyarem.TumbgtoFig.l0.asinglelumenfle»^^^ 
61 isusedto constrain thedeployablecatheter 64 withitsp^^ 
69thatfonnatwistedbasketconfiguration. Tl.e flexible single lumen catheter has 
an accessport at itsproxinudendeS that aUov^thedeployable catheter fit ^^^^ 
AdditionaUy,astandardl«relocktypefitting62canbea«achedtot^ 

20 catheter'sproximalendTlxeflexiblecatbetercanbeanystandard^^^^ 
available smgle lumen cadieter, such catheters are commonly sold by numerous 

manufacturers, Cordis Corporation of Miami FL being one. 

Attached to the distal end of the deployable catheter areaplunKtyof^ 

thatare^^dsted. Tl.e wires can be made out of any suitable material such as stainless 
25 steeUnickel-titanium-alloy.andtheUke. m wires them«.Ives can be abrasive, 
especially ifthe wires weremaderectangularincross-section. Additionally. as 
illustrated in Fig. 1. optionally attached to the wires are abrasive members 70. 
abrasive members are spaced apartonthedifferentwiressuchthatthememb^s do 

notoverlapwhenthewiresareconstrainedwithintheconstraimngcathete^^ 
30 abrasivememberscanbemanydifferentshapesandmaterialswithbeadsofglueand 

smallmetalliccylindersbeingpresenUypreferr^i. Tl^e deployable catheter 
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for the wires to adopt the basket configuration. 
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IBHiorofthefbnmen ovale. 

Tta«ac<p«iMed«ilhmedicalprocedures«illapp«^ 

pe^^Aeptoc^tocofri^dtog . paw. f<«n»o™l.»«ngft< closed 

»Hh the device on »ben and tow to use the ante. 
,5 Ti»=ri,„dtoe«sofft.pn»=«i.v=«ion.«rilo»dstail..ly. Fnst. 

3,eesaisgai«d».Woodv.»e>. Typically *.fa»o»l™totaca,h«.riz«iosin6 
,^o...f«ycon,n««i.lly.vail.bl.i«»d.ci.8ca4«e««^.«-«ta^ 
• tear. Oncea«i«n*»«ca««»islnplace.asi.gl.ln»encaU.«.^^.slo.g 
e„^,„:..cbd»t»an».ovalea«lbl.«.«»ugh»a.lov,e«parUcnU, 
20 en,bodin«.of««P«se«i.ven«o.»;«s.«-gh*.lnn»isplace^|^^^ 
i^ncmgcatt*.. M«ampleofthia,yp.ofca«««iste.F,=nchMnll,ns 
,„™d„ce,Sc.m.n.fi.«««db,CookofBloo«b*o.IN. Topically *«» caU>«as 

Aefomnenovale. •n»ai.gl.l»mcncaa«K.isadvanc«ltotengb<a«i«»Kl 

25 then tough the tonmen ovale 10 Iheleftalmm. 

Nexttheguid=«teia««vcdand1hei«en»»ilionalforan»novdeca^ 

i,adv.ncedin.h=si.glelun»catl»«r»*"««'«'-°'- n.aingtehme.ca>h«et 
isthenremovedftomtheleftalHurnaiidthefciamenovale. 

DepemltogonthepartcularembodtaaUbeingoMfl^*^'^ 
30 of.h=fonme.ovalcca.h=t.r».rithe,expo«do,n«=d,ob.deployed,.his« 
Wicallvdoneinthcleft^rium. The fo«meno«deca.he...ia the. slowly polled 
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backWthe foramen ovale to abradethe interior of the foramen 0^^^ 
the foramen ovale catheter is rotated whUe passing thn,«gh the fon^^ 
eriumcetheahrasionsbeingmade. After the interior is abraded, the foramen ovale 
eaflieter is then vathdravminto the single im^ncatheter and the^ 
patient All the catheters are then removed and the puncture site is sealed usmg 

rd 

T^e abr^ons created vAthin the foramen ovale start a healing process which 
over time seals the foramen ovale shut with scar tissue. Once the foramen ovale is 

shut, the patient no longer has the risics associated with an patent foramen ovale. 

10 Whileseveralparticularembodimcntsoftheinventionhavebeenillustrated 

and described, it wiU be apparentthat various modifications can be made without 

departing fh,m the spirit andscope of theinvention.Accordingly,it is not intend 

that the invention be limited except as by the appended claims. 
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What is Claimed is: 

1 . A catheter device for abrading a patent foramen ovale comprising: 
A a sheath catheter with proximal and distal ends; 

B a foramen ovale catheter deployably retained within the sheath 

catheter, the foramen ovale catheter having proximal and distal ends; 

C a plurality of abrasive members attached to the distal end of the 
foramen ovale catheter. 

2. mcatheterdeviceof claim I wherein the abrasive members are a plurality 
of glue drops. 



10 3. The catheter 
of wires. 



device of claim 1 wherein the abrasive members are a plurality 



4. The catheter device of clafan 1 wherein the abrasive members are aplurality 
of sharp edges. . 

5 The catheter device of claim 1 wherein the abrasive members are a plurality 
15 of projects created by axially cutting the distal end of the foramen ovale 

catheter. 

6. The catheter device of claim 1 wherein the abrasive members are a plurality 
of elevated rings. 

7. The catheter device of claim 6 wherein the elevated rings have a bent up 
20 edge. 

8. The catheter device of claim 1 wherein the abrasive members are a plurality 
of wres to form a basket configuration. 

9. The catheter device of claim 8 wherein the wires have a plurality of abrasive 
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10. 



11. 



10 



20 



cylinders attached to each wire. 

TTie catheter device of claim 8 wherein the wire have a plurality of abrasive 
glue drops attached to each wire. 

The catheter device of claim 1 wherein the abrasive members are a pluraUty 
of axial projections that extend near the distal end of the foramen ovale 
catheter but do not extend all the way to the distal end of the foramen ovale 
catheter and are created by providing a pluraUty of axial sUts near the distal 
end of the foramen ovale catheter, and further comprismg a control catheter 
attached to the distal end of the foramen ovale catheter wherein translating 
the control catheter proximaUy relative to the foramen ovale catheter causes 
the axial projects to bend outward fiom the foramen ovale catheter. 



12. A method of abrading a patent foramen ovale comprising the steps of: 

A insertinganintroducercatheterintoavesselofapatientwithapatent 

foramen ovale; 

15 B msertingaforamenovalecatheterwithproximalanddistalendsand 

[to or near the distal aid 



25 13. 



witha] 

through the introducer catfader, 
C advancing the foramen ovale catheter through the patent foramen 

ovale; 

D abrading the patent foramen ovale by manipulating the foramen ovale 
catheter such that the abrasive members abrade the lining of the 
foramen ovale; 

E removing the foramen ovale catheter and the introducer catheter from 
the patient. 

The method of abrading a patent foramen ovale of claim 12 fiirther 
comprising the step of inserting a sheath catheter through the mtroducer 
catheter. 
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14 nie method of abrading a patent foramen ovale of claim 12 vAerein the 
abrading is accompUshed by translating die distal end of the foramen ovale 

t ovale. 



15 The method ofabrading a patent foramen ovale ofclaim 12 wherein the 
5 abradingisaccompUshedby rotating the distal end ofthe foramen ovale 

catheter in the patent foramen ovale. 

16 A method of training a person to perform the method of abrading a patent 
foramen ovale comprising the steps of demonstrating or instructing the 
performance ofthe method of claim 12. 

10 17. Themethodoftrainingapersonofclaimiefurthercomprising^^ 
claim 13. 
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